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.SI INN AH Y 


With an eye on tin- lulmo, NASA has boon funding study ami development 
co lit ran ts to determine the I can I b 1 1 1 1 y of count met lug large volnine, Unlit 
wel|»ht structures In space. Thin would include deployable, ereelable and 
fabricatab.lt* apace structures, depend Inn upon the size of the ntrueture to 
be constructed and Itn ultimate utilization. One nucli approach, apace fabrl“ 
cation of large apace structures, has been under study by several aerospace 
companies. Kuriy In 1977, Grumman Aerospace Corporation was awarded a contract 
(Ref. 1) to design, develop, manufacture and test a machine which would auto- 
mat leal lv produce a basic building block aluminum beam (Pig. |). This paper 
discusses the results of that effort and the work which still continues* today, 
including: 

* Aluminum Beam Builder, which was completed and delivered to NASA- 
MS PC in October, 1978 

• Composite Beam Builder, for which technology development is still 
underway . 


INTRODUCTION 


In-house study efforts at Grumman during the early 1970's indicated that 
a machine which could automatically produce beams in space would be a likely 
candidate requirement for construction of large space structures, such as a 
solar power satellite. Further study under a seven month contract with NASA 
(Ref. 2) indicated that near-term feasibility demonstration of such a machine 
which would produce aluminum beams was possible. Next, a competition was held 
to build such a machine, and Grumman was named the winner. The work performed, 
Including designing, developing, manufacturing and testing of the first ground 
demonstration aluminum "beam builder", is discussed in some detail below. 

IJlion tlie effort associated with this aluminum beam builder was well under- 
way, recognition of the need for a machine which would produce composite beams 
encouraged us to start investigating the technological development necessary to 
do this. Grumman lias been conducting various significant critical process de- 
velopment tests from mld-1977 to the present time. These are also discussed 
below. 
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ALUMINUM BEAM BUILDER 


The approach to providing a ground demount rat Ion machine entailed two 
significant, ntepn, i.o.s 

• Design and Development - several approaches to solving problems asso 
elated with various subsystems were Investigated! Including: 


= Beam cap forming 

- Brace storage, dispensing and transporting 
Beam component fastening 

- Beam cut-off 

• Manufacture and Test - problems, encountered and solved, were also 
associated with several subsystems, including: 

- Beam cap roll forming machinery 
Brace dispensing mechanisms 
Control devices. 


DESIGN AND DEVELOPMENT 


Basic to the design of the beam builder was the idea that the machine 
must be capable of transforming high density, low volume material brought into 
space into lightweight, high volume structural beams in space. Ideally, this! 
would apply to the production of all the structural members to be formed and 
assembled to fabricate a beam. Therefore, initial design concepts included 
six machine components to fabricate the beam components, three to continuous. y 
form the beam caps and three with appropriate cut-off and handling devices to 
form the braces and bring them into assembly position. Cost restraints and 
the desire to have the demonstration machine fit within the Orbiter payload 
bay accounted for the present configuration of the beam builder: three cap 

forming machines and preformed brace storage, dispensing and handling dev c ■ 

(Fig. 2). 


Beam Cap Forming 

Two approaches to forming the open beam cap shown In Fig. 1 were con- 
sidered: roll forming and step pressin Development tests were conducted 

utilizing available production equipment. (Figs. 3 and 4). Both approve 
formed acceptable caps. However, it became clear that while the r « U ‘ 1 ' h 
required more tooling, the length within which the beam cap could he torn 
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Brace Dispensing Mechanisms 

In the original brace storage and dispensing device (Fie S) f t.rr,. w. ■ 
tendency to pick off more than one brace from time to time ’ids ^ solved 
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by careful design and placement of brace spacers which maintain brace flange 
alignment and also transmit the stacking spring load through the stack >f braces 
to the retaining/plck-of f surface of the present helical brace dispenser (Fig. 7). 

Presently, there are occasions when a brace fails to dispense, it has been 
determined that this has been caused by improper Installation of the braces when 
loading the cannister. Care must be taken to assure that all braces are prop- 
erly stacked and aligned, and free within the cannister, i.e., clear of tne dis- 
pensing helix drive rod and not bound against any of the brace guide surfaces 
within the cannister. 


Control Devices 

There are 173 operational detection devices located throughout the machine 
to monitor every function of the machine. They provide start and operation 
complete signals to the machine as the beam cap is rolled for one bay length of 
1.5 m and stopped, braces are dispensed and transported into piece, Clattped and 
welded (first the verticals and then the diagonals) , with each sequence repeated 
until the preprogrammed length of beam is produced, cut-off and the next beam 
started. Of these devices, 162 are limit switches, with the remainder being 
encoders, tachometers, photo-optical detectors and electrical pulse sensors. 

The limit switches are all alike. With regard to size, they are small enough to 
fit within the limited space available in a mechanism, such as the brace clamp 
and Weld device. They provide no difficulty where protected within the particu- 
lar mechanism with which they are associated, but where they are exposed and 
subject to accidental damage by technicians servicing the beam builder, they 
have been a source of beam builder malfunction. Although one can override a 
malfunction indicated by the control computer during .operation, it is still a 
source of Concern. Where possible, shielding has been provided to protect the 
most vulnerable limit switches. This has minimized the problem but has not 
eliminated it. Under consideration is the possible replacement of those limit 
switches which are still subject to damage by larger units, either photo-opti- 
cal or magnetic proximity switches, where possible, to eliminate this trouble- 
some problem altogether. 


COMPOSITE BEAM BUILDER 

As the development efforts associated with the aluminum beam builder were 
nearing completion, attention was focused on what it would take to modify the 
design of the primary machine subsystems in order to produce composite beams. 
This new development effort focused on three items, as noted in Fig. 16, white 
the remaining subsystems were considered to be usable as is or with slight modi- 
fication to handle the new material. 

Beam Cap Processing Development 

In mid-1977, work began with a brute force approach of trying to roll form 
a graphite/polyethersulfone laminate using the aluminum beam cap development 
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resulted (Fig. 18 ). paper) we hope to report on 

T22Z graphite/ polyethersulf one beam cap production at the symposium. 


Fastening of Composite Beam Components 


As work on beam cap processing began to ^“'’“^“approaches’were con- 

s* 5u:v«r-tr-.s*» — — 

and evaluation. Briefly: ultta8 „„ic vibrating 

. Ultrasonic Weld - Joint -^acceptable .b packaRlng prcsc „ tud a problem 
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processes investigated. 
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difficult material duality control problem. 


. Stapling (Cold) - Joint produced was excelleut, 
debris was produced. 


However, uncontrol lab l 


• Stapling (Hot) - Heating the ports at the fastening location eliminated 
the debris problem and still produced an excellent joint, Slxe and 
shupe of the staple cartridge presents a packaging problem. 

• Adhesive - Joint produced was good. Out gassing may be a problem (no 
measurements were attempted at this time). 

• Induction Weld - Excellent Joint was produced. Induction currents heat 
the part at the Joint Interface until the resin melts and fuses to- 
gether. Packaging presents no problem and power consumption is ex- 
tremely ldw. RFl may be a problem, although this is still to be In- 
vestigated. 


material Evaluation 


As discussed earlier, our first composite processing development efforts 
s °" w " h ‘“ disastrous rusults. After reviewing our goai.^ decided 
to try some alternate approaches. The material to be Investigated had to 
satisfy the following simple requirements: 


• Structurally sound ill a space environment, Including vacuum, thermal 
aftd radiation exposure? 

# ^° m ° utgassin8 dufin 8 forming in space or during its operational life- 

* Simple to preprocess into the required strip stock laminate 

• Long ground storage life 

* Easy to handle. 


Thermoplastics seemed to satisfy these general requirements (Ref. 3). (Thermo- 

tLv ErT Stri E lamln f te Processing, storage and handling problems since 
y have to remain in their uncured state until formed.) Figure 20 shows the 
thermoplastic composite materials which were evaluated. Acrylic was selected 
because it not only met our structural baseline (strength and modulus of elas- 
ticity to be as close to or better than that of aluminum) but also because It 
is a resin system which lends itself to continuous preprocessing of craohite 
and strip laminate production, including: ‘ b P 


• Monomer/polymer blend 11 ,uid at room temperature 

• Excellent fiber wetting characteristics 


• Monomer and polymer are readily available 
if required 


in tank car quantities, 




Monomer and polymer are relatively low In cost - a factor which 
them attractive for research, development, and production 


253 










mbIm'.oim 


:L 


The other materials tested did not, in general, meet the performance re- 
quirements. For examples 

• Structural - much lower strength and modulus of elasticity than desired 

* Preprocessing - poor fiber wetting. Press forming of strip stock re- 
quired, thus limiting length available. 

Woven graphite was chosen as the fiber medium because it is readily avail- 
able and easy to handle. When processed as a graphite/acrylic composite, It 
gives good strength and stiffness properties and also forms easily. 

The thermal performance of this particular composite is also quite good 
for passive structure in low earth orbit (Fig. 21). Through testing, we have dem- 
onstrated that though the strength of the material begins to fall off somewhat 
at the elevated temperature, compressive load testing at room temperature indi- 
cated a load carrying capability 180% greater than aluminum at room temperature 
and 120% at the elevated temperature. The coefficient of thermal expansion of 
this woven graphite/acrylic is 10% of that of aluminum. Recent electron bom- 
bardment testing in Grumman' s Van de Graff facility has indicated that the mate- 
rial would have about a forty year life in low earth orbit (LEO). Ultraviolet 
exposure testing is still to be conducted. 

While the graphite/acrylic satisfies the structural requirements for a 
passive structure (one which carries non-heat generating of radiating compo- 
nents or experiments), there still exists a need for a composite which could 
operate in a higher temperature regime. Work has therefore been continued with 
determining the forming process parameters associated with graphite/polyether- 
sulfone laminates. The preliminary results have been encouraging (Fig. 18), al- 
though further study is required. 


CONCLUSION 


The automatic fabrication of basic building block aluminum beams lias been 
ground demonstrated with the aluminum beam builder now operating at NASA-MSFC. 

The automatic fabrication of basic building block composite beams still is 
to be demonstrated. Machine elements, composite beam cap forming and brace to 
cap fastening have been ground demonstrated. A composite beam builder still 
needs to be constructed. 

To date, composite efforts have demonstrated the need for real improve- 
ments in basic thermoplastic composite processing in order to obtain better 
fiber wetting and continuous laminate strip stock. Short (1 to 3m), press 
formed strips have been used for process development and demonstration pur- 
poses, but the real need is for a continuous strip up to 300 m long (the beam 
builder storage reel capacity). Material suppliers have been given this chal- 
lenge. 
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Further effort is required to Improve the structural characteristics, oaf 
of preprocessing arid final forming of graphite reinforced thermoplastics. 

Other resin systems and graphite fiber orientations need to be examined. The 
performance of these materials In both vacuum and radiation environments also 
needs to be determined. 

Finally, once all ground feasibility tests have been completed and the 
choice has been made between aluminum and composite for the first space flight 
demonstration, a flight beam builder will be built and integrated aboard the 
Orbiter and a still to be determined mission flown (Fig. 22). 
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Figure 8.~ Brace gripping and carriage 
mechanism. 


iigure 9,- Ultrasonic weld sampli 
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Figure 10.- Resistance spot Welded brace 
to cap. 
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Figure 12.- clamp and weld block 
mechanism. 
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Figure 11.- Series resistance spot 
welding development set-up. 


ELECTRODE PAIRS 


220 v ( 

10 > 


TRANSFORMER (6) 


INSULATOR 


l&u'frv ’H 


SHUNT BAR 


Figure 13.- Series resistance spot 
weld schematic. 
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MINIMAL MODIFICATION: 

• SOFTWARE 

• BRACE HANDLING 

• CUTOFF 

• CONTROLS 


USE AS IS: 

• STRUCTURE 

• MATERIAL FEED 

• BRACE STORAGE 

• COMPUTER 

• POWER CONDITIONING 



DEVELOPMENT REQUIRED: 

• CAP FORMING 

• BRACE FASTENING 

• MATERIALS 
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METHOD 

RESULT 

PROBLEM 

RECOMMENDATION 

STATUS 

ULTRASONIC WELD 
RF WELDING 
STAPLING (COLD) 
STAPLING (HOT) 
ADHESIVE 

ACCEPTABLE 
LIMITED SUCCESS 
LIMITED SUCCESS 
EXCELLENT 
GOOD 

POWER SIZE 
ARCING 
DEBRIS 
SIZE 

OUTGASSING 

DROP 

DROP 

DROP 

MORE WORK (BACK UP) 
MORE WORK (BmCK-UP) 

ON HOLD 
ON HOLD 

INDUCTION WILD 

EXCELLENT 

,.FI 

MORI WORK (PRIME) 

NASS- 32472 


Figure 19.- Composite fastening process development summary. 


PHVSICAL/MECHANICAL PROPERTIES 


LAMINATE 

IOENT 
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- 
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- 

0.9 

SOI A 
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2 

270.3® 360° K 

39.9® 360° K 

- 
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• LAMINATES - 2 PLIES THICK EXCEPT AS NOTED 
•• LAMINATES - 4 PLIES THICK 


Figure 20.- Thermoplastic materials requirements evaluation. 
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Figure 21.- Graphite/acrylic thermal gradient in low earth orbit. 








* 1V "- 








